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Silica from 

rice ash

✓ 6-10% of calcite due to the natural carbonation of MSWI FA, reduction of amorphous during reaction

with CO2;

✓ The addition of BA allows to increase the amount of CaO-Al2O3-SiO2;

✓ Belite formation is probably due to the crystallization of C-S-H (calcium silicate hydrate) phase.
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✓Rendering project as evolution of previous projects;

✓Leaching tests highlight the heavy metals 

concentrations reduction (mainly Pb and Zn);

✓The mix of wastes and by-products used in the new 

procedure allows to promote synergic stabilization

mechanisms such as pozzolanic reactions; 

✓Carbonation reaction occurs:

▪ Reducing the pH, consequently the heavy 

metals leaching;

▪ Ambient CO2 sequestration.
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Morphological analysis with SEM and TEM 

Chemical analysis with TXRF
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Wrong solution: Waste dumps

G    ALS:
✓Alternative solutions to the sewage sludge (SS) disposal, a 

destination to SS when agriculture is not an option proposed;

✓SS can be considered a renewable energy source, reducing of 

GHG emissions and coal dependence for energy;

✓Wastes derived from co-incineration can be transformed in 

another resource.

The stabilized material can be used:

✓ As a green method for heavy metals 

remediation;

✓ As filler in new sustainable composited

materials.

Waste materialsCo-combustion
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Sustainable
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Stabilized material

✓Stable without heavy metals

✓Ready for reuse

This work proposes a simple method to recover both municipal solid waste incineration (MSWI) fly ash (FA) and bottom ash

(BA). MSWI FA is treated by using MSWI BA, considered, for the first time, a new urban mining source due to its pozzolanic

characteristics. The new method involves a mixing of these ashes, by also adding flue gas desulphurization (FGD) residues

and coal fly ash (CFA), that are by-products of coal combustion. Leaching tests demonstrated the efficiency of this new

stabilization method, by the reduction of leachable Zn and Pb. The stabilization mechanism can be attributed to the

carbonation and the formation of calcium silicate hydrate (C-H-S). Because the proposed method involves the use of FA and

BA generated in the same location, it is reasonable to conclude that it may be directly applied on incinerator plants, allowing

to simplify the actual waste strategy management of MSWI FA, that generally involves its transport and stabilization treatment

before its landfilling. Finally the saved carbon dioxide emissions and the economical benefits, due to the new urban mining

proposed approach have been evaluated and presented.

Emissions avoided 376.32 Kg CO2-eq/t FA

Global avoided CO2 emissions

Parameters Kg CO2-eq/t FA

MSWI FA transport (600 Km) 36.24

MSWI FA solidification process 285.6

Carbonation reaction 55

MSWI BA disposal 0.8

MSWI BA grinding -1.32

Si Zn

Ca Pb

Identified elements:

C, O, Na, Mg, Al, Si, 

P, S, Cl, K, Ca, Ti, Fe 

and Zn.

Identified elements:

Si, Ca, Pb and Zn.

Spherical particles

agglomerated in 

amorphous phases

Pb under LLD after 1 month;

Stabilized samples after 1 

month;

Reduction of heavy metals: 

Cu, Zn and Pb.
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